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(57) ABSTRACT

A method for preparation of amorphous silica from biomass.
The method includes pyrolyzing the biomass under anaerobic
conditions to yield a pyrolysis gas and solid residues, collect-
ing the pyrolysis gas, and calcining the solid residues under
aerobic conditions to yield amorphous silica.
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1
METHOD FOR PREPARATION OF
AMORPHOUS SILICA FROM BIOMASS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of International
Patent Application No. PCT/CN2012/087604 with an inter-
national filing date of Dec. 27, 2012, designating the United
States, now pending, and further claims priority benefits to
Chinese Patent Application No. 201210002005.9 filed Jan. 5,
2012. The contents of all of the aforementioned applications,
including any intervening amendments thereto, are incorpo-
rated herein by reference. Inquiries from the public to appli-
cants or assignees concerning this document or the related
applications should be directed to: Matthias Scholl P.C.,
Attn.: Dr. Matthias Scholl Esq., 245 First Street, 18” Floor,
Cambridge, Mass. 02142.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to the application of biomass, and
more particularly to a method for preparation of amorphous
silica (silicon dioxide) from biomass.

2. Description of the Related Art

Although silica is abundant in natural resources, the high
purity of amorphous silica is hardly found. Conventional
methods for preparation of amorphous silica from inorganic
materials involve high production costs, large energy con-
sumption, and serious environmental pollution. And methods
for preparation of amorphous silica from biomass have low
coefficient of utilization of organic matters and energy.

SUMMARY OF THE INVENTION

It is one objective of the invention to provide a method for
preparation of amorphous silica from biomass.

To achieve the above objective, in accordance with one
embodiment of the invention, there is provided a method for
preparation of amorphous silica from biomass. The method
comprises pyrolyzing the biomass under anaerobic condi-
tions to yield pyrolysis gas and solid residues, collecting the
pyrolysis gas, and calcining the solid residues under aerobic
conditions to yield amorphous silica.

In a class of this embodiment, the biomass containing
amorphous silica is rice hull.

In a class of this embodiment, the method further com-
prises step A: acid-washing and drying the biomass before the
pyrolysis of the biomass, or step B: acid-washing and drying
the biomass after the pyrolysis of the biomass. The acid-
washing and drying of the biomass before the pyrolysis of the
biomass can transform metallic elements therein into soluble
metal salts, which facilitates the removal of the metallic ele-
ments by water washing. Meanwhile, the long chain organic
matters of the biomass are reduced, which facilitates the
subsequent pyrolysis.

In a class of this embodiment, the acid-washing and drying
of the biomass comprises soaking the biomass in an acid
solution at normal temperature for between 8 and 24 hours, or
atbetween 80 and 100° C. for between 2 and 6 hours, washing
the biomass to be neutral, and drying the biomass.

In a class of this embodiment, the acid solution is hydro-
chloric acid, sulfuric acid, or nitric acid, and a weight con-
centration thereof is between 3 and 10 wt. %.

In a class of this embodiment, the biomass is pyrolyzed at
a temperature of between 500 and 1000° C.
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In a class of this embodiment, the pyrolysis gas comprises
Cco, co,, H,, CH,, C,H,, C,H,, C,H,, C;H,, C;H,,, or a
mixture thereof.

In a class of this embodiment, the calcination is carried out
in the presence of air, and a calcination temperature of the
solid residues is between 500 and 800° C.

In a class of this embodiment, a thermal flue gas resulting
from the calcination of the solid residues is conveyed back to
a pyrolysis furnace for the heat cycle of the pyrolysis.

In a class of this embodiment, before the pyrolysis of the
biomass or before the acid-washing and drying of the biom-
ass, the method further comprises washing with water the
biomass for removal of impurities.

Advantages according to embodiments of the invention are
summarized as follows. The biomass containing amorphous
silica is pyrolyzed under anaerobic conditions, that is to say,
the cellulose, hemicellulose, and lignin of the biomass are
pyrolyzed to yield pyrolysis gas which is recycled for power
generation or for preparation of syngas. However, the struc-
ture of amorphous silica is not destroyed. The resulting solid
residues are calcined under aerobic conditions for removal of
carbon residue. Thus, high added value of amorphous nano
silica is obtained. The method has a simple process, high
energy transformation and usage ratio, thereby being envi-
ronment-friendly and energy-saving.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11is a process flow chart of a method for preparation of
amorphous silica from biomass containing amorphous silica
in accordance with one embodiment of the invention;

FIG. 2 is a scanning electron microscope (SEM) image of
amorphous silica prepared in accordance with Example 1 of
the invention; and

FIG. 3 is an X-Ray Diffraction (XRD) spectrum of amor-
phous silica prepared in accordance with Example 1 of the
invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Further description of the invention will be given below in
conjunction with specific embodiments and accompanying
drawings.

Example 1

As shown in FIG. 1, rice hull was washed with water for
removal of impurities such as mud, soaked in 10 wt. % of
hydrochloric acid solution for 24 hours, and washed with
water repeatedly until the pH value of the washing solution
grew neutral. The washed rice hull was dried in a dry oven at
100° C. to achieve constant weight.

The dried rice hull was conveyed to a pyrolysis furnace via
ascrew conveyer, where the rice hull was pyrolyzed at 600° C.
under anaerobic conditions to yield pyrolysis gas and solid
residues. The pyrolysis gas was conveyed to a purifying
device, purified and stored, or directly conveyed to a gasifier
for the production of syngas, or conveyed to a boiler and
combusted for power generation.

The solid residues were conveyed to a calcinator and cal-
cined at 650° C. in the presence of air to yield thermal flue gas
and calcined product. The thermal flue gas was conveyed
back to the pyrolysis furnace for the heat cycle. The calcined
product was ground to yield amorphous silica.

Measurement results from a gas analyzer showed that, the
pyrolysis gas comprised CO, CO,, H,, CH,, C,H,, C,H,,
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C,Hg, C Hg, C;H,, or a mixture thereof. FIG. 2 shows a
scanning electron microscope (SEM) image of the amor-
phous silica prepared in the example, and FIG. 3 shows an
X-Ray Diffraction (XRD) spectrum of the amorphous silica.
The amorphous silica is unconsolidated spherical particles
having a particle size of about 80 nm. XRD spectrum showed
that there was no specific crystal diffraction peak, which
implied that the silica has an amorphous structure.

Example 2

Rice hull was washed with water for removal of impurities
such as mud, soaked in 5 wt. % of nitric acid solution for 24
hours, and washed with water repeatedly until the pH value of
the washing solution grew neutral. The washed rice hull was
dried at 110° C. to have a moisture content of less than 20%.

The dried rice hull was conveyed to a pyrolysis furnace via
ascrew conveyer, where the rice hull was pyrolyzed at 800° C.
under anaerobic conditions to yield pyrolysis gas and solid
residues. The pyrolysis gas was conveyed to a purifying
device, purified and stored, or directly conveyed to a gasifier
for the production of syngas, or conveyed to a boiler and
combusted for power generation.

The solid residues were conveyed to a calcinator and cal-
cined at 800° C. in the presence of air to yield thermal flue gas
and calcined product. The thermal flue gas was conveyed
back to the pyrolysis furnace for the heat cycle. The calcined
product was amorphous silica.

Measurement results from a gas analyzer showed that, the
pyrolysis gas comprised CO, CO,, H,, CH,, C,H,, C,H,,
C,H¢, C Hg, C;H,, or a mixture thereof. The amorphous
silica was analyzed using a scanning electron microscope
(SEM) and an X-Ray Diffraction (XRD), which showed the
amorphous silica was unconsolidated spherical particles hav-
ing a particle size of about 80 nm. XRD spectrum showed that
there was no specific crystal diffraction peak, which implied
that the silica had an amorphous structure.

Example 3

Rice hull was washed with water for removal of impurities
such as mud, and dried at 120° C. to have a moisture content
of less than 20%. The dried rice hull was conveyed to a
pyrolysis furnace via a screw conveyer, where the rice hull
was pyrolyzed at 1000° C. under anaerobic conditions to
yield pyrolysis gas and solid residues. The pyrolysis gas was
conveyed to a purifying device, purified and stored, or
directly conveyed to a gasifier for the production of syngas, or
conveyed to a boiler and combusted for power generation.

The solid residues were boiled in 5 wt. % of sulfuric acid
solution for 4 hours, and washed with water thrice until the pH
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value of the washing solution grew neutral. The washed rice
hull was dried in a dry oven at 102° C. to have a moisture
content of less than 30%.
Thereafter, the solid residues were conveyed to a calcinator
and calcined at 500° C. in the presence of air to yield thermal
flue gas and calcined product. The thermal flue gas was con-
veyed back to the pyrolysis furnace for the heat cycle. The
calcined product was amorphous silica.
Measurement results from a gas analyzer showed that, the
pyrolysis gas comprised CO, CO,, H,, CH,, C,H,, C,H,,
C,Hg, C Hg, C;H,, or a mixture thereof. The amorphous
silica was analyzed using a scanning electron microscope
(SEM) and an X-Ray Diffraction (XRD), which showed the
amorphous silica was unconsolidated spherical particles hav-
ing a particle size of about 80 nm. XRD spectrum showed that
there was no specific crystal diffraction peak, which implied
that the silica had an amorphous structure.
The invention claimed is:
1. A method for preparation of amorphous silica from
biomass, the method comprising:
washing the biomass with 3 to 5 wt. % hydrochloric acid,
sulfuric acid, or nitric acid, and drying the biomass;

after drying, pyrolyzing the biomass under anaerobic con-
ditions to yield a pyrolysis gas and solid residues, col-
lecting the pyrolysis gas; and

calcining the solid residues in the presence of air to remove

carbon residues and to yield amorphous silica.

2. The method of claim 1, wherein the biomass comprises
rice hull.

3. The method of claim 1, wherein before washing the
biomass with 3 to 5 wt. % hydrochloric acid, sulfuric acid, or
nitric acid, and drying of the biomass, the method further
comprises washing with water the biomass for removal of
impurities.

4. The method of claim 3, wherein washing the biomass
with 3 to 5 wt. % hydrochloric acid, sulfuric acid, or nitric
acid, and drying of the biomass comprise: soaking the biom-
ass in 3 to 5 wt. % hydrochloric acid, sulfuric acid, or nitric
acid at room temperature for between 8 and 24 hours, or at
between 80 and 100° C. for between 2 and 6 hours, washing
the biomass to be neutral, and drying the biomass.

5.The method of claim 1, wherein the biomass is pyrolyzed
at a temperature of between 500 and 1000° C.

6. The method of claim 1, wherein the pyrolysis gas com-
prises CO: Cozs st CH45 C2H25 C2H4s C2H6s C3H85 C3H105
or a mixture thereof.

7. The method of claim 1, wherein a calcination tempera-
ture of the solid residues is between 500 and 800° C.

8. The method of claim 1, wherein a thermal flue gas
resulting from the calcination of the solid residues is con-
veyed back to a pyrolysis furnace for the heat cycle of the

pyrolysis.



